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Abstract
The spin pattern of a spiral galaxy is a matter of
the perspective of the observer, and therefore galax-
ies with clockwise spin patterns are expected to
be identical in their characteristics to galaxies with
counterclockwise spin patterns. However, observa-
tions of a large number of galaxies show clear pho-
tometric differences between clockwise and coun-
terclockwise spiral galaxies. In this study the mag-
nitude difference between clockwise and counter-
clockwise spiral galaxies imaged by the space-based
COSMOS survey is compared to galaxies imaged
by the Earth-based SDSS and PanSTARRS around
the same field. The comparison shows that the
same asymmetry was identified by all three tele-
scopes, providing strong evidence that the rotation
direction of the galaxy affects its magnitude as mea-
sured from Earth. Analysis of a large number of
galaxies from different parts of the sky shows that
the differences between clockwise and counterclock-
wise galaxies are oriented around an axis such that
the photometric asymmetry in one hemisphere is
inverse to the photometric asymmetry in the oppo-
site hemisphere. Due to the provocative nature of
the observation, it is difficult to identify an imme-
diate explanation. A possible explanation could be
related to the large-scale structure of the universe,
which leads to violation of the cosmological homo-
geneity assumption. Another possible explanation
that does not require the violation of the cosmo-
logical principle is that the observation is driven
by galaxy rotation. Due to relativistic beaming,
such difference is indeed expected to be identified
and peak at the galactic pole, but it is expected
to be far smaller than the differences observed by
all three telescopes. Therefore, if the asymmetry is
driven by galaxy rotation, it corresponds to a much
higher velocity than the actual measured rotational
velocity of galaxies.
1 Introduction
Recent Earth-based observations using large
datasets of galaxy images have shown evidence of
statistically significant difference between the pho-
tometry of spiral galaxies with clockwise spin pat-
terns and spiral galaxies with counterclockwise spin
patterns (Shamir, 2013, 2016, 2017a,c,b). The pho-
tometric difference between spiral galaxies that ro-
tate in opposite directions was first observed by
identifying minor color differences between clock-
wise and counterclockwise galaxies (Shamir, 2013).
A much stronger statistical signal of photometric
differences was measured by using machine learn-
ing (Shamir, 2016). That is, a machine learn-
ing system was able to predict the spin pattern
of a galaxy based on its SDSS photometric vari-
ables in accuracy much higher than the expected
50% mere chance, and the probability of having
such asymmetry by chance is much smaller than
10−5. Similar results were observed with manually
and automatically annotated sets of galaxies, with
very strong statistical significance (Shamir, 2016).
The nearly perfect agreement between experiments
done with manually annotated galaxies and auto-
matically classified galaxies (Shamir, 2016) elimi-
nated the possibility that the asymmetry is driven
by a human bias or by a computer error. Although
the dataset was too small to identify specific photo-
metric variables that differentiate between galaxies
with different spin patterns, it provided strong evi-
dence of the existence of a link between the photom-
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etry of a spiral galaxy and its spin pattern (Shamir,
2016).
More recent experiments with a much larger
dataset (Kuminski and Shamir, 2016; Paul et al.,
2018) of ∼ 1.62 · 105 galaxies showed a clear statis-
tically significant difference (P< 10−5) between the
magnitude of galaxies with clockwise spin patterns
and galaxies with counterclockwise spin patterns
(Shamir, 2017c). The experiments also showed that
galaxies with clockwise spin patterns are brighter
than galaxies with counterclockwise spin patterns
in one hemisphere, but dimmer than counterclock-
wise galaxies in the opposite hemisphere (Shamir,
2017c). These observations are consistent across
SDSS and PanSTARRS, both showing the same
profile of the asymmetry (Shamir, 2017b). Repeat-
ing the same experiment with manually classified
galaxies also showed the same results, providing
additional evidence that the asymmetry cannot be
driven by a computer error (Shamir, 2017b). The
fact that two different telescopes and two differ-
ent analysis methods provide the same profile of
the asymmetry indicates that the asymmetry is not
a feature of a specific instrument or photometric
pipeline.
The luminosity differences between galaxies with
clockwise spin patterns and galaxies with counter-
clockwise spin patterns can also be related to pre-
vious observations of asymmetry between the num-
ber of clockwise galaxies and the number of coun-
terclockwise galaxies (Longo, 2011; Shamir, 2012).
Because the number of galaxies that can be ob-
served from Earth is a function of their luminos-
ity, a consistent difference in luminosity between
two types of galaxies can lead to a difference in the
number of instances of each type of galaxies as ob-
served from Earth. That, however, was identified
with large datasets of galaxies, as smaller datasets
did not show statistically significant difference (?).
Analysis (Shamir, 2017b) of the average bright-
ness of the clockwise and counterclockwise galax-
ies classified by Galaxy Zoo (Land et al., 2008)
showed that the difference was in agreement with
the direction and magnitude of the difference ob-
served in (Shamir, 2017c). But Galaxy Zoo is lim-
ited by the strong human bias (Hayes et al., 2016),
reducing the size of its clean data, and therefore no
statistically significant results could be determined
(Shamir, 2017b).
While the previous experiments showed that the
brightness differences between clockwise and coun-
terclockwise galaxies exist in the entire sky as ob-
served from Earth (Shamir, 2017c,b), this paper is
focused on a certain part of the sky, but imaged by
three different telescopes. Two of these telescopes
are ground-based, and one is space-based. The re-
sults show that all three telescopes show the same
asymmetry.
2 Data
The data used in the experiment is galaxies im-
aged by the Cosmic Evolution Survey (COSMOS)
survey, and compared to data collected by Sloan
Digital Sky Survey (SDSS) and the Panoramic
Survey Telescope and Rapid Response System
(PanSTARRS). The COSMOS field (Scoville et al.,
2007; Koekemoer et al., 2007; Capak et al., 2007)
is the largest Hubble Space Telescope (HST) sur-
vey, covering a field of 2 square degrees, centered
at (α = 150.119166o, δ = 2.205833o). It is a com-
bination of 575 images taken in around 1000 hours
of telescope time.
In this experiment, extended sources with 5σ
magnitude or brighter were used. The image of
each galaxy was separated from the F814W band
images using Montage (Berriman et al., 2004).
That provided a dataset of 114,630 galaxy images.
These galaxy images were then classified into clock-
wise and counterclockwise galaxies as was done in
(Shamir, 2016, 2017a,b,c). In summary, the classi-
fication was done by first applying the Ganalyzer
method (Shamir, 2011a). Ganalyzer works by con-
verting each galaxy into its radial intensity plot,
and then identifying the peaks of intensities at dif-
ferent radii from the center of the galaxy. These
peaks correspond to the arms of the galaxy. The
sign of the linear regression of these peaks at dif-
ferent distances from the center is sensitive to the
shape of the arm, and therefore determines the spin
pattern of the galaxy. Detailed information about
Ganalyzer and its application to the identification
of spin patterns of spiral galaxies can be found in
(Shamir, 2011a; Hoehn and Shamir, 2014; Shamir,
2016), and the source code is available through the
Astrophysics Source Code Library (Shamir, 2011b).
An important advantage of Ganalyzer is that it
is a model-driven algorithm that works in an in-
tuitive manner that is easy to understand, and it
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is not based on machine learning methods such as
deep convolutional neural networks (DCNN). DC-
NNs are very effective methods in image classifica-
tion, but the classification is based on highly com-
plex and none-intuitive set of rules that are difficult
to interpret and understand. Because these net-
works are trained with manually annotated data,
they can capture subtle human biases that can af-
fect the analysis when the number of galaxies is
high. Moreover, DCNNs are trained in a way that
is sensitive to other factors such as differences in
the sky background that can affect their behavior
in different parts of the sky. For example, if more
clockwise galaxies in the training set were taken at
a certain sky region, more galaxies in that sky re-
gion can be classified as clockwise due to the part
of the sky in which they were taken.
After the galaxies were classified automatically,
a thorough manual process was applied to ensure
that all galaxies are classified correctly (Shamir,
2016). The process of manual classification was
repeated twice, such that in the second pass the
galaxies were mirrored to ensure that the dataset
is not affected by a possible human bias. In the end
of that long labor-intensive process, a random set
of 200 galaxies were selected from the dataset, and
careful examination of the galaxies showed that all
classifications were correct. Another set of 500 ran-
dom galaxies were selected from the galaxies that
were not assigned with a spin pattern, to ensure
that no galaxies with an identifiable spin pattern
were left out. Therefore, it is very reasonable to
assume that the dataset is very clean, and that all
galaxies in the dataset are classified correctly.
Since the dataset contained just spiral galaxies
with clear spin patterns, the majority of the galax-
ies were rejected during the process of galaxy clas-
sification, as most of them were not spiral galaxies,
or did not have identifiable spin patterns. When
the process was completed, the dataset contained
5122 galaxies with identifiable spin patterns. These
galaxies have mean g magnitude of ∼23.1 (σ '
0.97), V magnitude of ∼22.58 (σ ' 1.03), and mean
redshift of ∼0.6 (σ ' 0.28).
3 Results
The mean magnitudes of the different filters were
computed for the 2,607 COSMOS galaxies with
clockwise spin patterns, and for the 2,515 galaxies
with counterclockwise spin patterns. Table 1 shows
the mean and standard error of the magnitude of
clockwise and counterclockwise galaxies. The ta-
ble also shows the one-tail P value of the t-test of
the difference between the two means in each band.
The magnitudes are the Subaru AB magnitudes B,
V, g, r, i, and z taken from the COSMOS pho-
tometry catalog (Capak et al., 2007). A one-tail P
value is used here since previous Earth-based obser-
vations showed that counterclockwise galaxies have
lower magnitude compared to clockwise galaxies in
the part of the sky of the COSMOS field (Shamir,
2017c,b).
The asymmetry detected in COSMOS galaxies
was compared to the asymmetry of the galaxies
around the same field in SDSS and PanSTARRS.
Since SDSS and PanSTARRS are not as deep as
COSMOS, the field was extended to the 20o to
each side from the center of the COSMOS field.
Therefore, the field used in PanSTARRS and SDSS
was (α = 130.119166o, δ = 22.205833o), (α =
170.119166o, δ = −17.79417o).
The SDSS data were taken from previous work
(Shamir, 2017c). The number of SDSS galaxies
in that field is 5447 counterclockwise galaxies and
5774 clockwise galaxies. The means and standard
errors of the DeVaucouleurs magnitude of the clock-
wise and counterclockwise galaxies in that field in
the different bands are shown in Table 2.
The table shows statistically significant differ-
ence between the DeVaucouleurs magnitude of
clockwise and counterclockwise galaxies, with the
exception of the z band. The direction of the dif-
ference is aligned with the direction observed in
the COSMOS field, in which galaxies with coun-
terclockwise spin patterns were also brighter than
galaxies with clockwise spin patterns.
A similar experiment was done with
PanSTARRS galaxies, using 1444 clockwise
galaxies and 1438 counterclockwise galaxies that
were used in (Shamir, 2017b). The average Kron
magnitudes of the galaxies with clockwise spin
patterns and counterclockwise spin patterns are
shown in Table 3. Like COSMOS and SDSS,
PanSTARRS also shows statistically significant
differences between the brightness of galaxies
with clockwise spin patterns and galaxies with
counterclockwise spin patterns.
The observation that three different telescopes
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Table 1: Mean, standard error of the mean, and the one-tail statistical significance of the differences
between the magnitude of clockwise galaxies and counterclockwise galaxies in COSMOS.
Band mean clockwise mean counterclockwise P (t-test)
B 23.052±0.018 23±0.018 0.024
V 22.603±0.02 22.553±0.02 0.042
g 23.131±0.019 23.077±0.019 0.023
r 22.266±0.019 22.218±0.02 0.045
i 21.719±0.018 21.68±0.018 0.065
z 21.358±0.017 21.323±0.018 0.087
Table 2: Mean DeVaucouleurs magnitude of clockwise and counterclockwise SDSS galaxies in the field
centered at the COSMOS field.
Band mean clockwise mean counterclockwise P (t-test)
u 18.25758±0.014 18.22456±0.015 0.050
g 17.07524±0.012 17.03587±0.013 0.013
r 16.47325±0.012 16.44078±0.012 0.028
i 16.15131±0.012 16.120649±0.013 0.041
z 15.93929±0.013 15.9190±0.014 0.143
show similar asymmetry reduces the probability
that the asymmetry is the result of an anomaly re-
lated to a certain telescope or photometric pipeline.
Also, the statistical significance of the asymmetry
when observed by three telescope is substantially
stronger than the asymmetry observed in a single
telescope. The mere chance probability that the
g magnitude means are different in all three tele-
scopes is 0.023 ·0.013 ·0.017 =∼ 5 ·10−5. Similarly,
the mere chance probabilities that the means are
different in all three telescopes in the other bands
are 2.6 · 10−5, 4.7 · 10−5, 1.5 · 10−4, for the r, i, and
z bands, respectively.
4 Discussion
The experiments described in this paper show that
three different telescopes exhibit photometric dif-
ferences between spiral galaxies with clockwise spin
patterns and spiral galaxies with counterclockwise
spin patterns. The SDSS and PanSTARRS galax-
ies used in this study are positioned around the
center of the COSMOS field, to allow comparison
with the COSMOS galaxies. However, when us-
ing galaxies from the entire sky covered by SDSS
and PanSTARRS, the difference between the mag-
nitude of clockwise and counterclockwise galax-
ies changes based on the direction of observa-
tion (Shamir, 2017b,a,c). The experiment included
162,516 SDSS galaxies classified automatically, a
separate dataset of 40,739 spiral galaxies classified
manually, and 29,013 PanSTARRS galaxies classi-
fied automatically. Tables 4 and 5 show the mean
magnitude of clockwise galaxies and counterclock-
wise galaxies in the RA range of (120o, 210o), as
well as the corresponding RA range in the oppo-
site hemisphere (< 30o ∨ > 300o). The tables also
show the t-test P value of the difference between
the means of the magnitude of clockwise and coun-
terclockwise galaxies in all three datasets.
The exponential magnitude model was used, but
other magnitude models show similar asymmetry
(Shamir, 2017b). All three datasets show that
clockwise galaxies are brighter than counterclock-
wise galaxies in one hemisphere, but dimmer in
the opposite hemisphere. The Student t-test P
values are very low in the (120o, 210o) RA range
due to the much higher number of galaxies. In the
RA range (< 30o ∨ > 300o) there are just 6,597
PanSTARRS galaxies and 2,889 manually anno-
tated SDSS galaxies, and due to the low number of
galaxies the P values in that RA ranges are not sta-
tistically significant. But the automatically anno-
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Table 3: Magnitude of clockwise and counterclockwise PanSTARRS galaxies in the field centered at the
COSMOS field.
Band mean clockwise mean counterclockwise P (t-test)
g 16.97745±0.022 16.91335±0.021 0.017
r 16.37079±0.021 16.31182±0.020 0.021
i 16.03699±0.021 15.977536±0.019 0.018
z 15.87572±0.021 15.811690±0.019 0.012
Table 4: Exponential magnitude mean, standard error, and t-test of the difference between clockwise
and counterclockwise galaxies in the (120o, 210o) RA range (Shamir, 2017b).
Dataset Band Mean Mean t-test P
clockwise counterclockwise
SDSS automatically annotated u 18.782±0.006 18.757±0.006 0.004
SDSS automatically annotated g 17.503±0.006 17.482±0.006 0.016
SDSS automatically annotated r 16.913±0.006 16.892±0.006 0.008
SDSS automatically annotated i 16.597±0.006 16.578±0.006 0.021
SDSS automatically annotated z 16.435±0.006 16.416±0.006 0.033
SDSS manually annotated u 18.551±0.008 18.526±0.008 0.033
SDSS manually annotated g 17.273±0.007 17.247±0.008 0.022
SDSS manually annotated r 16.683±0.007 16.657±0.008 0.013
SDSS manually annotated i 16.359±0.007 16.333±0.008 0.014
SDSS manually annotated z 16.193±0.008 16.161±0.008 0.003
PanSTARRS g 17.054±0.01 16.986±0.01 2.8 · 10−5
PanSTARRS r 16.538±0.01 16.471±0.01 1.5 · 10−5
PanSTARRS i 16.236±0.01 16.171±0.01 1.2 · 10−5
PanSTARRS z 16.106±0.01 16.038±0.01 4.6 · 10−6
PanSTARRS y 15.931±0.01 15.897±0.01 7.3 · 10−6
tated SDSS dataset contains 51,053, allowing very
strong statistical significance.
Figures 1 shows the asymmetry measured using
the exponential magnitude in different RA ranges.
In the manually annotated SDSS dataset the RA
ranges (270o, 300o) and (60o, 90o) were not used
because the dataset included galaxies with spectra,
which in SDSS are rare in these RA ranges.
The figure shows that in all three datasets, the
asymmetry changes with the RA, and peaks around
the RA range of (150o,180o). The figure also shows
that the asymmetry in one hemisphere is inverse
to the asymmetry in the opposite hemisphere. For
instance, in the RA range of (120o, 210o) counter-
clockwise galaxies in SDSS are 0.021 g magnitude
brighter than clockwise galaxies (P ' 0.016), while
counterclockwise galaxies are 0.056 magnitude dim-
mer (P ' 1.3·10−10) on the same band in the oppo-
site RA range of (< 30o∨ > 300o). The same is ob-
served in all bands of both SDSS and PanSTARRS
(Shamir, 2017b).
Since the asymmetry changes with the direction
of observation to create two hemispheres with in-
verse asymmetries, a flaw in the program that clas-
sifies the galaxies (Shamir, 2011b) is not likely, as
such error is expected to exhibit itself in a consis-
tent manner, in the form of similar asymmetry in
all parts of the sky. Another evidence that shows
that the asymmetry is not the result of a software
error is that the ∼41K galaxies that were classi-
fied manually showed results similar to the results
of the automatic classification. These results also
agree with (Shamir, 2016), where manually and au-
tomatically classified galaxies showed the same dif-
ferences.
A possible error in the photometric measure-
ments also cannot explain the observed asymme-
try. To explain the asymmetry by a photometric
measurement error, the error needs to affect clock-
wise galaxies differently than it effects galaxies with
counterclockwise spin patterns. Moreover, the er-
ror needs to be systematic, such that the average
magnitude of a large number of galaxies is changed
by it. Also, since the asymmetry has a very strong
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Table 5: Exponential magnitude mean, standard error, and t-test of the difference between clockwise
and counterclockwise galaxies in the region of (< 30o ∨ > 300o).
Dataset Band Mean Mean t-test P
clockwise counterclockwise (two tails)
SDSS automatically annotated u 18.83±0.007 18.883±0.007 3.3·10−8
SDSS automatically annotated g 17.508±0.006 17.564±0.006 1.3·10−10
SDSS automatically annotated r 16.886±0.006 16.937±0.006 2.1·10−9
SDSS automatically annotated i 16.549±0.006 16.601±0.006 2·10−9
SDSS automatically annotated z 16.36±0.006 16.415±0.006 2.43·10−9
SDSS manually annotated u 18.639 18.648 0.8
SDSS manually annotated g 17.338 17.347 0.76
SDSS manually annotated r 16.718 16.738 0.52
SDSS manually annotated i 16.374 16.398 0.44
SDSS manually annotated z 16.193 16.219 0.43
PanSTARRS g 17.039±0.01 17.072±0.01 0.085
PanSTARRS r 16.521±0.01 16.55±0.01 0.092
PanSTARRS i 16.195±0.01 16.222±0.01 0.097
PanSTARRS z 16.058±0.01 16.081±0.01 0.187
PanSTARRS y 15.87±0.01 15.896±0.01 0.125
and statistically significant correlation with the di-
rection of observation, explaining that observation
by a photometric measurement error requires the
error to change with the direction of observation.
The possibility that all of these three conditions are
satisfied is extremely low, and there is no known ev-
idence that even one of these conditions is satisfied.
All three telescopes (SDSS, PanSTARRS, and
HST) show the same asymmetry. Since both the
clockwise and the counterclockwise galaxies of each
telescope were collected from the exact same field,
the difference cannot be the result of cosmic vari-
ance (Driver and Robotham, 2010). As shown in
(Shamir, 2017a,c,b), the photometric difference be-
tween clockwise and counterclockwise spiral galax-
ies can be observed in other parts of the sky, but the
agreement between Earth-based and space-based
observations shows that the asymmetry is not the
result of atmospheric effects. The COSMOS field
was also imaged in a relatively short time of ∼1000
hours, as opposed to SDSS and PanSTARRS, in
which data were acquired over a much longer pe-
riod of time.
The differences in magnitude between clockwise
and counterclockwise spiral galaxies can also be re-
lated to previous observations of asymmetry be-
tween the number of clockwise galaxies and the
number of counterclockwise galaxies (Longo, 2011;
Shamir, 2012). When galaxies are brighter, more
galaxies can be identified and counted. If the ap-
parent magnitude of one type of galaxies is brighter
than the other type, that can lead to different fre-
quencies of the two types of galaxies as observed
from Earth.
As Figure 1 shows, the asymmetry between the
brightness of galaxies with opposite directions of
rotation changes based on the direction of observa-
tion. To identify the axis in which the asymmetry
peaks, the two SDSS datasets were combined into
a single dataset of galaxies, and the sky was sepa-
rated into non-overlapping regions with half-width
size of 10o (Shamir, 2017b). Then, the cosine de-
pendence between the asymmetry in each sky re-
gion and the direction of observation was tested for
each possible integer combination of (α,δ).
The highest Pearson correlation coefficient was
observed at (α=172o,δ=50o), with 1σ error range
(132o,224o) for the right ascension, and (-26o,74o)
for the declination (Shamir, 2017b). The position
of the most likely axis is roughly aligned with the
galactic pole at (α ' 192o, δ ' 27o). While
it has been proposed that the Cosmic Microwave
Background (CMB) is circularly polarized (Hu and
White, 1997; Cooray et al., 2003), the RA of the
most likely axis of asymmetry is interestingly close
to the RA of the Planck CMB dipole (Aghanim
et al., 2014) at 166o. However, there is somewhat
substantial difference in the declination (50o com-
pared to -27o), which is just on the edge of the 1σ
error range.
The physical nature of galaxy rotation is still not
fully understood. Preeminent early astronomers
proposed that the galaxy rotation was aligned
with Newtonian physics (De Vaucouleurs, 1959;
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Schwarzschild, 1954), which was in agreement with
theory of that time, and played a role in ignor-
ing other observations (Slipher, 1914; Wolf, 1914;
Pease, 1918; Babcock, 1939; Mayall, 1951) that
showed results that disagreed with the Newtonian
physics model of galaxy rotation (Sofue and Rubin,
2001). Some early astronomers considered the na-
ture of galaxy rotation as evidence to the existence
of nonluminous (“dark”) matter (Oort, 1940), but
it was only four decades later that the observation
became part of “mainstream” astronomy (Rubin,
2000), accepting the fact that the rotation of galax-
ies is not driven by the same physics of astronomical
objects orbiting other objects (e.g., the Solar Sys-
tem). Since substantial part of the mass of galaxies
is not luminous, galaxy rotation is also a tool to
measure galaxy mass (Sofue, 2016, 2017). Yet, al-
ternative models to the physics of galaxy rotation
such as Conformal Gravity and Modified Newto-
nian Dynamics have also been proposed, and show
good agreement with observations (OBrien et al.,
2017).
While it is difficult to identify the source of the
asymmetry or explain the nature of the observation
with current knowledge, the physics of galaxy rota-
tion is not yet fully understood. One possible expla-
nation could be linked to the large-scale structure
of the universe. If the physical properties of the uni-
verse change based on the direction of observation,
that would be a violation of the cosmological prin-
ciple, as such structures that are far larger than any
known supercluster violate the isotropy and homo-
geneity assumptions of the cosmological principle.
The clear cosine-dependence between the asymme-
try and the direction of observation might be an
indication of a rotating universe (Go¨del, 2000).
However, the source of the asymmetry can also
be related to the internal structure or motion of
the galaxies. That explanation is also supported
by the observation that data collected by all three
telescopes show the same asymmetry, despite the
very substantial differences between the redshift of
the COSMOS galaxies and the redshift of the SDSS
and PanSTARRS galaxies. The proximity of the
most likely axis of asymmetry to the galactic pole is
another indication that the asymmetry could be re-
lated to solar motion and the internal galaxy struc-
ture.
One possible explanation for a link between
galaxy rotation and the observed asymmetry de-
scribed in this paper is relativistic beaming. The
spin pattern of a galaxy is linked to its actual di-
rection of rotation (Iye et al., 2019). A star mov-
ing at radial velocity vr relative to the observer
will have a Doppler shift of its bolometric flux of
Fo = (1 + 4 · Vrc ), where F0 is the flux of the star
when it is stationary relative to the observer, and
c is the speed of light (Loeb and Gaudi, 2003; Ry-
bicki and Lightman, 2008). Assuming vc of the Sun
of ∼0.001, stars in an observed face-on galaxy that
rotates in the opposite direction of the Milky Way
will have a flux of F = F0(1 + 4
2·0.001
c ), where F0
is the flux of the stars of the same face-on galaxy
if it was stationary relative to the Sun. The FF0
of 1.008 will lead to a maximum magnitude dif-
ference of −2.5 log10 1.008 ' 0.009. That differ-
ence, however, is smaller than the observed differ-
ence in SDSS, PanSTARRS, and COSMOS. There-
fore, while the asymmetry could be related to solar
motion and galaxy rotation, the difference corre-
sponds to a much higher velocity than the observed
rotational velocity of galaxies. Relativistic beam-
ing given the observed velocity of galaxies might
therefore not provide the full explanation for the
asymmetry. If the asymmetry is the result of rel-
ativistic beaming, it corresponds to a much higher
rotational velocity than the actual velocity of galax-
ies.
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Figure 1: Asymmetry between the exponential
magnitude of clockwise (Z) and counterclockwise
(S) galaxies in different RA ranges using SDSS au-
tomatically annotated galaxies (top), SDSS manu-
ally annotated galaxies (middle), and PanSTARRS
galaxies (Shamir, 2017b). The error bars show the
standard error of the difference between the mean
magnitude of clockwise and counterclockwise galax-
ies in each band.
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